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Investigation  of 
General  Electric  Company 
Type  3 Water-Activated  Batteries 

for 

Air-Sea  Rescue 
and 

In-Flight  Fueling  Lights 

By 

Wade  He  Askew 
lo  INTRODUCTION 

This  report  covers  results  of  an  investigation  into  certain 
characteristics  of  water-activated  batteries , primarily  to  obtain 
information  upon  which  to  determine  whether  their  use  would  be 
practical  in  air-sea  rescue  work,  and  for  lighting  aircraft  in- 
flight fueling  equipment o In  the  air-sea  rescue  aspect,  it  has 
-been  proposed  that  this  type  battery  be  used  by  the  survivor  of 
a crash  at  sea  to  power  a signal  light „ For  in-flight  fueling, 
it  has  been  proposed  that  water-activated  batteries  be  used  to 
light  the  drogue  of  the  tanker  plane*  Due  to  shelf  aging,  and 
the  reduction  in  capacity  as  the  temperature  is  lowered,  dry  cells 
would  have  limited  reliability  for  these  purposes*  (A  representa- 
tive curve  showing  the  relationship  between  dry  cell  capacity  and 
temperature  is  shown  in  Figure  1* ) Because  of  the  stretching  and 
flexing  of  the  long  length  of  hose  connecting  the  drogue  with  the 
fuel  supply  tanks,  the  use  of  wires  along,  or  imbedded  in,  the 
hose  to  obtain  power  directly  from  the  plane1 2 * *  S 6 7s  electrical  system 
for  lighting  the  in-flight  fueling  equipment  is  considered  unde- 
sirable o 

At  a conference  of  representatives  of  the  Bureau  of  Aero- 
nautics and  the  National  Bureau  of  Standards,  it  was  decided  that 
the  batteries  should  be  tested  to  obtain  information  on  the  fol- 
lowing s 

(1)  Output  capacity  when  activated  by  tap  water  and  when 
activated  by  salt  water  (3 o5%  by  weight  of  NaCl)0 

(2)  Effect  of  exposure  to  salt  spray  and  to  humidity  as 
outlined  in  sections  4*4  and  4*5  respectively  of  Specification 
MIL-T- 54220 (ASG)* 

g)  No-load  deterioration  during  activation0 

) Life  in  a make-and*break- circuit  in  which  a 5-,watt  lamp 
load  is  operated  in  a duty  cycle  of  1/2  second  ON  and  2 1/2  sec- 
onds OFF*  (A  type  1839  lamp  was  selected  for  this  test*) 

TFT  Life  in  a make- and- break  circuit  in  which  a lamp  load 
of  approximately  10  watts econds  is  applied  during  a time  interval 
of  1/3  second  and  repeated  every  3 s econds 0 Also  the  effective 
intensity  and  power  consumption  during  the  flash*  (A  type  1134 
lamp  was  selected  for  this  test*) 

(6)  Effect  of  high  and  low  ambient  temperatures  during 
activation* 

(7)  Gases  evolved  during  activated  life  of  the  battery* 
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2.  TYPE  OP  BATTERY  USED  FOR  INVESTIGATION 


The  batteries  used  in  these  tests  were  manufactured 
by  the  General  Electric  Company,  and  are  designated  as 
Type  3 water-activated  batteries*  They  are  rated  by  the 
manufacturer  at  6.3  volts,  1.5  amperes,  90  minutes. 

A unit  weighs  8 ounces  and  measures  approximately 
6*  x 2 3/8“  x 1/2**,  At  the  top  of  the  battery  (the  end 
from  which  the  electrical  terminals  emerge)  and  also 
at  the  bottom,  is  a hole  approximately  3/16*  in  diameter, 
allowing  water  to  enter  the  battery  and  gases  to  escape. 
Figure  2 is  a photograph  of  the  batteries. 


I 


■ 

- 

. 


' 


' 


) 


> 

a 

UJ 

b» 

b* 

* < 

D GO 

o 

Q 

O UJ 
— b= 
C «t 
> 
o =■ 
I bi  b 
f JO 
L3  < 

I 

j a 

.<  UJ 

a *= 

uj  < 

z S 

UJ 

C5  K> 

y 

a. 

> 

h= 


DJ 


MBS  REPORT  5^9^  FlttUKE 


- 3 - 


3.  TEST  PROCEDURE  AND  RESULTS 


Except  where  otherwise  indicated  the  tests  were  con- 
ducted  under  the  following  general  conditions s 

Altitude  and  Ambient  Temperature  - Approximately 
sea  level  and  2^°C. 

Activating  Solution  and  Battery  Position  - The 
batteries  were  completely  immersed  in  two  liters  of  tap 
water,  and  the  battery  was  maintained  in  the  vertical 
position,  i.e.,  the  position  in  which  the  terminal  leads 
are  up. 

The  methods  of  testing  and  the  results  obtained  under 
the  different  phases  of  the  investigation  are  given  in  the 
paragraphs  which  follow. 


* 4 - 


3*1  Characteristics  of  Types  1134  and  1839  Lamps 0 

Before  conducting  tests  on  the  batteries,  the  voltage- 
intensity-  wattage  relationship  for  the  types  1134  and  1839 
lamps  was  determined  from  a maximum  of  9 volts  down  to  the 
voltage  at  which  the  luminous  intensity  was  about  0.4 
spherical  candle.  The  results  of  this  test  are  shown  by 
the  curves  in  Figure  3* 
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3.2  Output  Capacity  in  Tap  Water  and  in  Salt  Water 

Two  batteries  were  placed  in  sa Lt  water  (3 *5$  sodium 
chloride)  and  one  in  tap  water,  a Type  1839  lamp  was 
connected  to  each  battery,  and  the  voltage  was  measured 
frequently  during  the  active  life  of  the  batteries. 

Results  of  these  tests  are  shown  in  Figure  where 
voltage  of  the  batteries  is  plotted  against  time.  During 
the  first  2 1/2  to  3 hours  of  activation  there  was  no 
significant  difference  in  performance  of  the  three  bat- 
teries, and  the  power  output  was  fairly  constant.  After 
about  3 1/2  hours  the  power  output  decreased  sharply. 

The  differences  in  rate  of  drop  between  the  three  batter- 
ies is  thought  to  be  caused  primarily  by  variations  of 
the  individual  batteries  rather  than  the  type  of  water 
used  for  activation. 
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3.3  Salt  Spray  and  Humidity. 

Two  batteries  were  subjected  to  salt  spray  as  outlined 
in  Specification  MIL-T-^^C  (ASG) , and  two  were  subjected  to 
the  humidity  test  as  shown  in  Figure  b (page  lb)  of  the  same 
specification,  except  that  the  first  four  hours  of  the  speci- 
fied humidity  test  (involving  lower  and  higher  temperatures 
than  occur  in  the  repeated  cycles  ) were  omitted.  Through- 
out these  tests  a recording  voltmeter  was  connected  across 
the  battery  terminals  to  indicate  the  generation  of  any  sig- 
nificant voltage. 

The  salt  spray  test  had  no  apparent  effect  on  the 
batteries,  but  during  the  humidity  test  the  outer  plastic 
jacket  of  the  batteries  developed  small  splits  in  several 
places.  No  evidence  of  an  E.M.F.  was  indicated  during  either 
of  the  tests.  After  completion  of  the  tests  each  battery 
was  activated  and  subjected  to  a life  test  while  carrying  a 
continuous  load  of  one  Type  1839  lamp.  Except  for  the  small 
variations  previously  found  between  individual  batteries, 
the  electrical  power  generated  was  the  same  as  for  batteries 
which  had  not  been  subjected  to  salt  spray  or  humidity. 

Two  additional  batteries  were  subjected  to  the  humidity 
test.  At  the  end  of  5 days  there  was  evidence  of  case  rup- 
ture. Without  further  testing,  these  batteries  were  for- 
warded to  the  manufacturer  for  examination  and  comment.  At 
the  time  of  this  report  no  comments  have  been  received. 

3A  No-Load  Deterioration  During  Activation. 


The  battery  used  in  this  test  was  kept  in  salt  water 
during  the  entire  test  period.  It  was  in  an  open  circuit 
except  for  5 minutes  each  day,  during  which  time  it  was  con- 
nected to  a Type  1839  lamp.  The  voltage  across  the  battery 
was  read  each  day  at  the  end  of  the  1st  and  the  5th  minute 
during  which  the  lamp  was  in  the  circuit.  Results  of  the 
test  are  shown  in  Figure  5- 
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3 • 5 Output  Capacity  with  Intermittent  Load  of  One 

Type  1839  Lamp,  ~ ~ 

A battery  activated  in  salt  water  was  connected  in 
a make- and- break  circuit  in  which  a load  of  one  Type  1839 
lamp  was  operated  in  a duty  cycle  of  1/2  second  ON  and 
2 1/2  seconds  OFF,  This  cycle  was  continued  for  the  prac- 
tical active  life  of  the  battery,  during  which  time  the 
voltage  was  measured  at  frequent  intervals  while  the  lamp 
was  ON.  The  voltage  versus  time  curve  for  this  phase  of 
the  investigation  is  shown  in  Figure  6, 
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3 o 6 Life  Test  With  an  Intermittent  Load  of  One  Type  1134 

Lamp. 

For  this  test  a battery,  activated  by  salt  water,  was 
connected  in  a make- and- break  circuit  with  a Type  11^4  lamp. 
The  duty  cycle  of  the  circuit  was  approximately  1/3  second 
ON  and  2 2/3  seconds  OFF.  Time  distributions  of  voltage, 
current,  and  light  output  were  measured  at  frequent  inter- 
vals during  the  test.  The  power  versus  time  relationship 
and  the  energy  consumed  during  the  ON  period  were  computed 
from  measurements  made  5 minutes,  2 1/2  hours,  and  4 1/2 
hours  after  the  start  of  the  test  and  are  shown  in  Figure  7. 


The  effective  intensity  of  the  flashing  light  was  com- 
puted by  the  method  described  in  NBS  Report  4554,  “Computa- 
tion of  the  Effective  Intensity  of  Flashing  Lights11,  whereby 


Ie  is  maximized  in  the  formula 


where  Ie  is  the  effective  candlepower,  I is  the  instantaneous 
intensity  in  candles  at  the  time  t;  and  tn  and  t2  are  the 
times  in  seconds  at  the  beginning  and  at  the  end  of  the  por- 
tion of  the  flash  being  considered.  In  Figure  8,  the  com- 
puted effective  intensity  of  the  flashing  lamp  is  plotted 
against  the  time  from  the  start  of  the  test.  For  comparison, 
the  figure  also  shows  the  intensity  obtained  from  a Type 
1839  lamp  burning  continuously. 
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3 • 7 Effect  of  Battery  Position  on  Performance, 

Tests  were  conducted  to  determine  the  effect  of  dif- 
ferent battery  positions  in  the  activating  water  upon  the 
power  output.  Using  a load  of  one  Type  1839  lamp,  the 
batteries  were  tested  in  three  mutually  perpendicular 
positions  - (1)  vertically,  i.e.,  terminal  leads  up, 

(2)  horizontally  with  one  of  its  broad  sides  lying  on 
the  bottom  of  the  water  vessel,  and  (3)  horizontally, 
lying  edgewise  on  the  bottom  of  the  vessel,  with  the  vent 
openings  at  the  bottom.  A separate  battery  was  used  for 
each  test.  Before  setting  the  batteries  in  the  (2)  and 

(3)  positions  they  were  held  under  water  in  the  vertical 
position  (1)  for  about  one  minute.  The  results  of  these 
tests  are  shown  in  Figure  9«  After  the  voltage  of  the 
batteries  tested  in  the  (2)  and  (3)  positions  had  dropped 
to  approximately  2 volts  they  were  returned  to  the  vertical 
position,  whereupon  they  quickly  resumed  their  initial 
potential.  In  the  (2)  and  (3)  positions  some  of  the  evolved 
gas  becomes  entrapped  in  the  battery  case,  thus  limiting  the 
amount  of  battery  plate  area  which  can  come  in  contact  with 
the  water. 
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3 • 8 Performance  After  Removal  from  Water 


For  lighting  the  in-flight  fueling  equipment  it  may 
not  be  practical  to  keep  the  batteries  in  water  during  the 
fueling  operation,.  Consequently,  tests  were  conducted  to 
determine  the  performance  of  the  batteries  upon  removal 
from  the  water  after  initial  activation.  Two  batteries  were 
used  for  these  tests.  A type  1839  lamp  was  connected  across 
each  battery  and  the  batteries  were  placed  in  water  until  the 
voltage  output  had  stabilized  (approximately  five  minutes). 
Before  removal  from  the  water  the  bottom  vent  of  one  battery 
was  plugged.  The  batteries  were  then  removed  from  the  water 
and  the  EMF  across  each  was  recorded  until  it  had  dropped  to 
approximately  two  volts „ The  batteries  remained  in  the  up- 
right position  throughout  these  tests.  The  results  (Figure  10) 
show  that  the  plugged  battery  lasted  about  twice  as  long  as  the 
one  which  was  not  plugged. 

After  removal  from  the  water,  these  batteries  apparently 
continue  to  operate  until  most  of  the  water  remaining  in 
them  is  used  up.  At  high  altitudes  it  is  probable  that  a 
large  portion  of  this  water  would  be  lost  through  evaporation. 
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3 • 9 High  and  Low  Temperature  Tests 

All  tests  of  the  batteries  at  high  and  low  temperatures 
were  conducted  with  a continuous  load  of  one  Type  lo39  lamp. 

The  batteries  were  tested  in  tap  water  at  70°C  and  in 
a mixture  of  ice  and  tap  water  (0°C).  The  performance  at 
these  temperatures  was  substantially  the  same  as  at  room 
temperature. 

Since  use  of  the  batteries  at  temperatures  below  0°C 
precludes  the  use  of  tap  water  alone  as  the  activating  liquid, 
tests  were  conducted  using  several  different  materials  for 
lowering  the  freezing  point  of  the  water.  First  each  mixture 
was  tried  at  room  temperature  to  determine  whether  the 
activating  mixture  itself  would  affect  the  battery  perform- 
ance. The  mixtures  so  tested  were  as  follows: 

Saturated  solution  of  sodium  chloride  and  water 

Ethylene  gLycol,  by  volume > in  water 

Ethyl  alcohol,  ?0$  by  volume  m water 

Calcinated  calcium  chloride,  3^0  grams/liter  of  water 

Except  for  the  alcohol  and  water  mixture,  the  performance  of 
the  batteries  was  similar  to  that  obtained  with  tap  water. 

With  the  alcohol  mixture  there  was  approximately  a 20 % 
decrease  in  the  time  during  which  the  potential  across  the 
lamp  remained  above  2 volts. 

These  mixtures  were  then  tested  for  activation  char- 
acteristics at  low  temperatures. 

A battery  was  activated  in  the  alcohol  mixture  at  -2*+°C, 
and  over  a period  of  25  minutes  the  E.M.F.  did  not  exceed 
2 volts*  The  test  was  therefore  discontinued.  Activation 
in  the  ethylene  glycol  mixture  was  tried  at  -25°C,  and  the 
active  life  of  the  battery  was  about  5 0 % of  that  at  room 
temperature.  Battery  performance  was  tested  in  the  sodium 
chloride  solution  at  temperatures  of  -21°C  (the  approximate 
freezing  point  of  a saturated  solution  of  NaCl)  and  then  at 
-18°C,  and  in  both  cases  the  performance  fell  off  consider- 
ably from  that  at  room  temperature.  However,  in  a mixture 
of  water,  and  ice  sprinkled  with  sodium  chloride,  which 
mixture  maintained  a temperature  of  approximately  -9°C 
during  the  test,  the  battery  performance  was  nearly  equal 
to  that  at  room  temperature.  Tests  were  conducted  with  cal- 
cium chloride  solution  at  temperatures  of  -25°C  and  -35°C, 
and  in  both  cases  the  active  life  of  the  battery  was  about 
the  same  as  it  was  at  room  temperature,  although  there  was 
some  reduction  in  the  maximum  voltage  obtained. 

Curves  showing  battery  performance  under  the  low 
temperature  test  conditions  are  shown  in  Figures  11-A  and  11-B. 
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3.10  Evolvement  of  Hydrogen 

Consultations  with  the  Chemistry  Division  of  this 
Bureau  indicate  that  nearly  all  of  the  gas  evolving  from 
activation  of  this  type  battery  is  hydrogen.  The  amount 
of  gas  given  off  by  one  battery  remaining  in  the  water 
until  all  visible  evidence  of  evolvement  ceased  was  meas- 
ured and  found  to  be  approximately  12  liters  when  cor- 
rected to  a pressure  of  760  MM  Hg  and  a temperature  of 
25°C,  Volumetric  concentrations  from  approximately  k% 
to  75%  of  hydrogen  in  air  are  considered  explosive  mix- 
tures. 
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4.  DISCUSSION 

4.1  Air-Sea  Rescue  Operations 

With  a Type  1839  lamp,  which  consumes  approximately 
5.5  watts  at  7*5  volts,  the  Type  3 water-activated  battery 
will  last  under  continuous  load  for  between  4 and  5 hours 
before  the  illumination  decreases  to  0.5  scp  at  approx- 
imately 3.5  volts  (Figures  3 and  4).  However,  as  shown  in 
Figure  5,  the  activated  battery  will  last  for  approximately 
7 days  in  a stand-by  or  no  load  condition,  and  as  such 
would  be  useful  for  short  periods  of  power  demand  if,  for 
example,  the  light  is  to  be  used  only  in  signaling  nearby 
searching  aircraft.  Also,  as  shown  in  Figure  6;  the  battery 
could  be  used  for  approximately  20  hours  in  a flashing  cir- 
cuit with  the  same  type  lamp.  It  is  probable  that  a thermal 
flasher  could  be  designed  to  operate  in  the  circuit  and  still 
enable  the  light  to  be  flashed  at  a useful  rate  throughout 
one  night. 

A study  of  Figure  8 shows  that  most  of  the  battery* s 
potential  power  output  is  wasted  in  flashing  the  heavy- 
filament  (Type  1134)  lamp.  The  effective  intensity  of  the 
1134  flashing  once  every  three  seconds  is  considerably  less 
than  tbp  intensity  of  the  steady- burning  Type  1839.  Consider- 
able power  is  wasted  each  time  the  heavy  filament  is  heated 
to  incandescence,  and  the  large  surge  current  through  the 
cold  filament  apparently  causes  an  accelerated  electro- 
chemical reaction  as  evidenced  by  the  rapid  evolvement  of 
gas  from  the  battery,  and  by  the  gradual  rather  than  abrupt 
reduction  of  evolvement  when  the  lamp  circuit  is  opened. 

4.2  In-Flight  Fueling 

Use  of  water- activated  batteries  for  lighting  the  in- 
flight fueling  equipment  would  present  a number  of  problems. 
For  example,  there  is  the  matter  of  keeping  the  battery 
supplied  with  water.  As  shown  in  Figure  10,  at  sea  level 
the  battery  can  cower  the  Type  1839  lamp  for  approximately 
35  minutes  after  removal  of  the  battery  from  the  water. 

If  the  battery  is  maintained  in  an  upright  position  this 
period  can  be  practically  doubled  by  sealing  the  bottom  vent, 
but  in  either  case,  the  period  of  useful  activity  is  rather 
limited.  There  may  be  practical  ways  of  supplying  water  to 
the  battery,  such  as  an  enveloping  container  of  water  or  a 
wicking  arrangement  for  getting  the  water  into  the  battery 
from  a surrounding  absorbent  material  which  would  be  soaked 
in  water  to  start  the  activation.  Of  course  the  amount  of 
water  lost  through  evaporation  will  increase  with  altitude. 
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The  low  ambient  temperatures  at  the  in-flight  fueling 
altitudes  preclude  the  use  of  water  alone.  The  batteries 
will  operate  fairly  satisfactorily  in  a calcium  chloride 
solution  at  temperatures  at  least  as  low  as  -35°C. 

Based  on  results  of  this  investigation,  the  utility 
of  water  activated  batteries  for  lighting  in-flight  fueling 
equipment  appears  doubtful.  However,  the  fact  that  operation 
can  be  obtained  atlow  temperatures  by  the  use  of  anti-freeze 
mixtures,  indicates  a possible  use  by  survivors  of  a crash 
on  ice  floes,  or  in  cold  waste  lands. 
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